Pathogen inactivation of blood components: current status and introduction of an approach using riboflavin as a photosensitizer.
Riboflavin is a naturally occurring compound and an essential human nutrient. Studies in the 1960s and 70s showed that it could be effective, when exposed to visible or UV light, in inactivating viruses and bacteria. This suggested to us that it could act as a photosensitizer useful in the inactivation of pathogens found in blood products, because of its nucleic acid specificity and its limited tendency toward indiscriminate oxidation. The riboflavin molecule is a planar, conjugated ring structure with a sugar side chain that confers water solubility. The planar portion is capable of intercalating between the bases of DNA or RNA. Light activated riboflavin oxidizes guanine in nucleic acids, preventing replication of the pathogen's genome. Gambro BCT is developing processes using riboflavin and light to inactivate pathogens in plasma, platelet, and red cell products. We call these Pathogen Eradication Technology (PET) processes. Riboflavin is non-toxic; it must be present in the body for good health. The photo-byproducts formed in the PET processes are lumichrome and protein adducts. The photodegradation of riboflavin in the body is clearly shown by the decrease in its concentration in neonates who are treated with intense visible light to break down circulating bilirubin, which their immature livers cannot yet handle. A definitive lookback study showed no difference in cancer rates between the 55,000 children receiving this therapy in Denmark from 1977 through 1989 and nonirradiated controls. Gambro BCT is developing specific riboflavin-based PET processes for platelet concentrates, fresh frozen plasma, and packed red blood cells. In each, the process is being optimized to achieve high levels of inactivation of specific pathogens, while maintaining acceptable levels of product quality and activity. Extra- and intracellular HIV, BVDV (a model for HCV), and pseudorabies virus (a herpes virus) have been used to guide process development and validation. We have demonstrated 4 to 7 log10 reductions in the titers of these viruses, when they are spiked into blood products and irradiated in the presence of riboflavin. Porcine parvovirus, a tight-capsid, nonenveloped virus is more resistant, a finding in all experimental inactivation approaches. A range of bacteria implicated in platelet and red cell transfusion injuries and deaths, including S. aureus, E. coli, K. pneumoniae, and Y. enterocolitica, are being used to validate antibacterial efficacy. The PET platelet process involves the addition of riboflavin to platelets in plasma, illumination of the product, storage of the product and transfusion without further manipulation. The lack of toxicity of the treatment byproducts permits this ease of use. Quality of the platelets throughout storage has been assessed by pH, PO2, lactate, hypotonic shock response, morphology, glucose, and GMP-140 expression. In vitro function is well maintained. The levels seen are within the range of those reported in commonly transfused products. Radiolabeled transfusion studies of treated platelets have been carried out in primates to determine a preliminary measure of their in-vivo circulation. The in vivo recoveries and survivals of treated and control platelets did not differ. This work suggests that an endogenous photosensitizer, riboflavin, which has an extremely good safety profile, can inactivate high levels of a broad range of viruses and bacteria in platelet concentrates, fresh frozen plasma, and in red blood cells, preserving the activity and functionality of the components. Planned animal and clinical studies are expected to solidify this suggestion into a well-characterized process which can be safely and readily applied to reduce the risks of transfusion transmitted disease.